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*3D Hydro Results Refer ences:

*The hydro+jet model '
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/The Hydro+Jet Model

(as adynamical tool to analyze jet quenching)

«Soft : Full 3D hydrodynamics
(with early chemical f.0.)

*Hard: pQCD with parton energy
loss

Pr spectra, Rya(Pr) and C,(A)
In moderate high p; (2-10 GeV/c)
@RHIC






Brief Summary of
Our Hydro Results

800-130AGeV

+ PHOBOS (0-6%)

+ PHOBOS (35-45%)
— hydro {(b=2.4 fm)
—— hydro (b=8.9 fm)
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e Full 3D hydro!
< No Bjorken scaling ansatz
<> No cylindrical symmetry
< (1, N, %, y) coordinate

T.Hirano, Phys.Rev.C65(2002)011901.
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» Suppression of radial, elliptic
flow and HBT radil in comparison
with the conventional hydro results.

T.Hirano and K.Tsuda, nucl-th/0205043
(Phys.Rev.C, in press).



Brief Summary of
Our Hydro Results (contd.)

cﬁ; 1 Partial Chemical Equilibrium
0.9 Chemical Equilibrium
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*Suppression of radial flow
as a result of chemical
non-equilibrium properties
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* p; slopes become
insensitive to Tt,
—->Need hard components
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Why jets at RHIC and LHC?

SPS

Pb+Pb@20A GeV

g, ~ 32 mb

Og ~0.1mb

N = 923 (b=2 fm)
- ~3 jets/event

" Our definition of ajet:

A parton with p>2 GeV/c just after acollision
(often called “mini-jet”)

RHIC LHC
AU+tAu@200A GeV  Pb+Pb@5500A GeV
g, ~40mb g, ~90 mb
O ~ 20 mb T ~ 90 mb

Ny = 1067 (b=2fm) N, = 2600 (b=2 fm)
->~500 jets/event - ~2600 jets/event

[ Copiousjets at RHIC and LHC! }
- Need contribution from jets

*pp:PY THIA with CTEQ5L+K factor(K=2), AA:standard Woods-Saxon nuclear density







The Hydro+Jet Model

3D Hydro  pyTHIA

_ PYTHIA 3§ R LIS
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—_ =

_LOOO
s
T

p (Mb/GeV)

. f Fragmentation: :g_j‘ p+pbar
a | ndependent 107 %(5)01 C1;56\2/25 3 35p 4( ‘L?ué’)
x2f Fragmentation o
Model w10‘27 ‘ —— PYTHIA (K=2)

+ PHENIX =0
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PDF: hadron o

Collinear: CTEQ5LO 10"t PHENIX

<k;2>=1Gevz/cz2 (I will dlscusslater...) ~ ‘G*“””\
do™ PQCD LO:
E d i = Kng(kT a)kT adkT ag(kT b)kT bdka q+ql - q+ql’q+q = q'+q'
P 4+ - 9+0,q+g - q+g
da'ab_)Cd o
%[ 106, Q%) f, (3, Q) b B (_9+9-a*a.9*9-0+g,
*Initial and final state radiation are included.




Time Evolution In the
Hydro+Jet Model

—» Hydro evolution <«—

Particle spectra
through Cooper-

r. =0.6fm/c

Fryeformula

r. ~10fm/c

v

D

" streaming!

Energy loss

A

eFormation time~0 fm
For jets with p;>2GeV/c,
1/p;<0.1fm/c<<1fm/c

Momentum dist. from
PYTHIA ver. 6.2

Thermalization time
= |nitial time of fluids

e|nitial parametersin
hydro have been aready
tuned.

— Fragmentation

N

sAfter hydro simulation,
all survival jets fragment
Into hadrons.

*\We neglect interaction
of fragmented hadrons.




Jets and Hydro Evolution
In the Transverse Plane

Au+Au 200AGeV, b=8 fm
transverse plane@midrapidity

0y -

= Gradation

Erl - Themalized parton density
>

Plot (open circles)
- Jets (p>2GeV/c)

Initial configuration of jets
—>Prop. to # of binary collisions
*Assuming jets move along
straight paths

(etkonal approximation)
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Phenomenological
Parton Energy Loss

/

* [ncoherent M odel: _ _
E £ & energy deposit per scattering
dx A T O. parton-parton cross section

0. thermalized parton density

From hydro simulation

*Neglecting energy loss
In the hadron phase.

Priixed — fQGP(T’ I‘)p(TC)

_ E(T’ r)_ E\ o
fQGP -

EQGP - Ehad




Results
@130AGeV
& 200AGeV



1O Spectra in s, }?=130 GeV
Central Collisions

a— 10°
SN o by saaeoq *<dE/dX>~0.85 GeV/fm
10 S ——— Hydro —
2 < Hyd @1,=0.6 fm/c
3
gw
£107 *Onset of hard component
2.3
£10 p—~1.5 GeV/c
&10°L ¢ PHENIXn?L-S510%
T sf © PHENIXn'L-G10% o
0 05 115225 335445 5
p; [GeV/c]
dE .
— =0.06p(7,r) (GeV/fm) HIJING:

dXx tthe best fit value <::> dE/dx = 0.25 (GeV/fm)
=~ 0.2(GeV/fm) X -N. Wang, NPAG98(2002)296¢



Models for Parton Energy Loss

elncoherent model

‘;_'i - 0.060(z, x(r))

eCoherent (LPM) model

A model motivated by
a) GLV 1st order, or b) BDMPS for £5E,

— AR 2
AE = aQLeff , & free (adjustable) parameter

“Transport” coefficient g

~ Iy 2E L~R U
i, = [ crle e -rog 1+ 25| e

M.Gyulassy et al., Nucl.Phys.B571(2000)197; R.Baier et al., Nucl.Phys.B483(1997)291.
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Suppressmn Factor (PHENIX)

-
o Ran 7 0-10% Central:
g 25— +w o AusAu {5 =200 GeV
s o AusAu 5, =130 GeV
% 2__ ﬁ+ 5 PbaPb \5,5,=17.3 GeV
s [ n ] 0-10% Central
E 151 ”:u (N_,,=975+94) Raa (Pr)
e [ 2N1A+A
: : _ d®N*"*/dp,dn
1 ................................................. 2 N+N
AA(2 GeV/c) ~0.45 <Nbinary> d*N"™"/dp,dry
05 R,A(8 GeV/c) ~ O.i6
- R I
u ] | ] | ] | | | ] | | | ] | ] |
0 1 2 3 4 5 6 7 8
7° p; (GeVic)
From D. d’ Enterriag, talk at QM 2002.




Suppression F

actor in s, 4=200

GeV Central Collisions

< 09 ~iemoty | *Suppression factor Ry,
gg —LPM (100 Incoherent model: increase

Coherent model: almost flat

|

lllllllllllllllllllllllllllllllll | eExperimental data (PHENIX):
STETE e 7 e > gradually decrease
Rua (Pr)
- O ddn e of parton enrgy loss
<Nbinary>d2NN+N/dedl7 p gy .
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Back-to-Back Correlations of
High p; Hadrons

1 dN
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Back-to-Back Correlation
(STAR)

4<pt(trig)<6 GeV/c data

03—
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< _ < _
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From D.Hardtke, talk at QM 2002.



R, @nd C, in 5,,?=200 GeV
Central Collnsuons

g 1'6§ ® No quenching u:é 09:— —dE/dx = 0.06p
> 19p v LPM (0.25qL )+0.71 08k —LPM (0.25qL%,)
2, 1.4F A LPM (1.0gL)+0.90 075 —LPM (1.0qL,,)
z 1.3F 0.6:
T ok - 05:-
11 ® 045
1?’! 4 2 !V 0.32
AR TIITTY R T 112 FY DOV 0.2:
0.9 0.1E ~
0.8 g% 7 8910
3 .2 | 0 1 2 M::, b (GeVIS
*Near-side jets:
Almost independent We fail simultaneous
*Away-side Jets. reproduction of R,, and C..

Depend on magnitude of | 3 Need another mechanism
energy loss




Surface Emission Dominance ?

[Initial positions of jets which survive at final time }
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An interesting signature may be events in which the hard

collision occurs near the edge of the overlap region,

Wi th

one et escapi hg W thout absorption and the other fully

absor bed.

--J. D. Bj or ken,

FERM LAB- Pub- 82/ 59- THY (1982).



Summary

e\We construct the Hydro+Jet model as a
dynamical approach to the physics of jet
guenching.

mAu+Au 130AGeV

» The onset of hard contribution

—->p~1.5 GeV/c for pions
»<dE/dx>=0.2 GeV/Tm
(—>HIJING:0.25 GeV/fm)
»<dE/dx>~0.85 GeV/Tm @7,=0.6 fm/c for
Incoherent model



Summary (contd.)

mAu+Au 200AGeV

»Raa(p7) IS sensitive to the model dE/dx.
»No parameter which reproduces R, (p1)

and the disappearance of b-to-b correlation
simultaneously.
- Need other mechanisms (deflection of
jets?)

» (Partial?) surface emission of jets may
happen in central collisions.
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Thank you very much
for your kind attention
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Spare Slides
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Suppression Factor In
synY4=130 GeV Central Collisions
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Jet Quenching Rate
In 130A GeV Collisions

355 «  Maximum density
305’ = Average density
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Jet Quenching Rat
O OO0 o OO
N s I o » B S o = B { o Y

e pprop.to~1/r
*One should check LPM case
AE O | p(r)rdr
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Comparison with Results by

E.Wang and X.N.Wang

Our result (b=3.35 fm)

dE/dx=0.060 GeV/fm

e <o(1r=0.6 fm/c)>~14 fm3 ->~0.85 GeV/fm
o A(1=0.6 fm/C)|,,~30 fM3>~1.7 GeV/fm

Wang and Wang (R=6 fm)
dE/dx~0.34(2R/ 1,)InE/In5

For 10 GeV parton,

E/dx~7.3 GeV/fm@17,=0.2fm/c
~or 4 GeV parton,

C

E/dx~2.1 GeV/fm@17,=0.6fm/c

ﬁ he differnece comes from

Initial time, density profile
energy dependence, and
Impact parameter.

!

Our result is consistent with

WVang and Wang resullt.




Hydro@200GeV

s Eggé « BRAHMS

S 700" Tl b0t E —A0000M eV /fm?
ggg: *Flat region 77,,,=4.0
400" *Width 775,,=0.8
300E Binary collision scaling
2005 In transverse plane
1005




Relative Pseudorapidity
Dependence of Jets

1.4
: ® LPM (jA1]<0.5)+0.65
§ 1-3;_ |1l < 0.7 ¥ LPM [|&11|:=-0.5] * |A,7|<05
% 1.9F <Py ;<6 GeVic Clear peak at A(D:O
Z 1qp R * 0.5<|An7I<1.4
ot ¢ No peak at Ag=0
09F
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Intrinsic k; of Partons in Nuclei?

N Q) /"Gaussian primordial k; distribution
Ahada 04, 4,42

g 0;% ® <k%>=1Ge‘uffcf

Z Vb ¥ <k>=2 GeVc

=, 08" A <K>z4GeVid

Z 07F N

— 0Bt v
dap
E::?:yvv"‘ M :177777‘7;\

P8 TY PP 0000 0"

2y b T S

*Back-to-back correlation of jets

Energy loss (0.250L 4°)
+ intrinsic k;

Triggered: 4<p,;<6 GeV/c,
Associated: 2<Pr<Pryi ’

collinear intrinsic k;

™~

of partons

g(kr) O exp(=k; / o7)

2\ — 42 — 2 2
<kT>—aT—L20r4GeV /c/

Intrinsic A; is not the origin
of disappearance of
back-to-back correlation!
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Discussions
*Many observables to be analyzed

*V, In high p; region

*p; Spectrafor (anti-)protons

*R,A(Pr) In non-central collisions

(Ran really scaleswith N, ?)

«Jet quenching in off midrapidity region
and so on...

*Many effectsto be included
*Deflection of jetsin medium
| nteraction between fragmented
hadrons and thermalized hadrons
(= hydro+jet+hadronic cascade model ?)



